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(54) [R9ia)«#] 5^5WMWW 



(57) [Sft] 

a-r®lS^2/g^E^Jnftgr-^X F 




[swell] ^H^m^^-^wT^Msirc 

m i iiarmiiB^ ■< iszMmz'pu < t h^mcm 
BjiB^iaaiOfcai^as-c, tute-f^^^^r-^ 10 
ma*-? hMite3ttS'^y-*«ei&rf*y±, 

[1**314] BuiB3>H3-;Ua^y h^, BJIB-f- 

£ x h y - a «t o , mflBf-' ^ v> z Mmzm 
ttwcm.mc&&?2> c tztmtt m#m3 tamo 

iBtS©fi8ISISI 0 30 
»#31lfcg3*©IMS8. 

*S 1 &CtBi£©«S^ 0 

[if*S9] iflB^> F v Yifi, *^IBfft 40 

y* y 4£fcC £*#*<frSSII#« 1 tcBB«©aiB 

[0 00 1 ] 50 



1 0- 1 2 6 8 9 5 

2 

If 4ffl#iMf litter *<DJ:5ftfflSS«*^ny 
[0 00 2] 

8£3fc*5<tc^HaE«:*5C^Tt> % mm® 

H~C * &H^>X f - AftC«WB«(c#f 5^- X#i?£ 
[0 0 0 3 ] *B»3WSBR(cttbhrc^[B«:, MfflL 
^ ^ y x a &m > & a c t & 

SSr<. ^«««c£*5:«Mift <«*»©> IttH&jS 

[0 00 4] 

^Ift-rSA^h^^^'?*— Tto^-f^f 
[0 0 0 5 ] *»IB©80©S8aK:fc^'r. X-A7tP 



Va>(decimation)lHlg83W, ^OtB*i , -fa 

W-V3>@»ttffi£L&^ KitoSOC, ^2Tr 

^V<-X<7>7^£ tfcgWt J: 0 5£* 6 ft fcPHgpJfiB 

HJEftWffl©^- Ytvtv b%m^X 
[0 00 6 ] *»IB©J50©J88ICCtet^-Ctt, ttttr >> 

«W«fcK»«||Waffil4fl3l»S C 4 K J: o n 

©JJijQJSttCcfe^rB. 1 ^»Hi^>^7x-^ 
[0 0 0 8 ] *«W©»fl©J8ttCctel*r», 'Jt-Fa 



ISHi^ 1 0- 1 26 89 5 
4 

B, 'J*- ha>hn-Jl/^^ FrtfclEttStifcgK 
7 (field proqr£mmablG)"C^>6o a-lfilStttfBS 

*©J:5«cS{b**i8«:AhSCi^'C*-s. . 
[0 0 0 9 ] *«IBOJ3iJ©«fiKC JrS-f-r ^*;14«88 
B. f^^^>a>^Uj:l^ 2 

tf s CftB, r^-^3>7 ^t^KittgiSti^f* 

x«8Si (^pa« (RZ) n-r-r >y) jWtw ^* 
fry -r- F^7^^tfflL^n^I-AA/Da>A' 

4 ST 0 BSKCC J: 0 £ D £ ^ X©IWH* < f . 
y-f>a>hP-JHi t t-< is$fr-?fr?t'v 

B) ^ -f yf;UA*^#**-rixa2 tf? K Xtt 
(«»2Ccj;S7 f ^-i/3>©ii^K:tt) f^^Sol' 
A*fi -*t£Sl <T 3 XB 4 v h D & C 4 K J: o T Sg 

[ooio] m^-^y*>y°v ^^u- hrtt^-r^ 

A^ficaHfStifc^lR-O^^XjSS (I I R) -f-f 
144«:<-rS. I-AD/A3>A'-^»t, ft^ 

[0 0 1 1 ] *«IB©8iJ©««K:i:&7 !r -/ ts$frffim% 
r-y ^£;W>7'»;^>f--^3 >B, jESlTMogfi^ 



[0012] 2o©A**^7> KOiSJRftf^ ft»X 

let 60 WBS<M!JS«FK:^»iBtt#^y * y K7*p y 
>7*yy> at £b. n> hp-;ur;w=fy XAtc 

B&e>&c>. #-©{t^^>©##m^ft£ 

[00 1 3] muy%y *-*zm^hwmmK a 30 
t©«»©i > < £ c t 9 5 . 

a) «£^{i^Ma^^~£©7'p^^ >^ 

c) *-A3> ^D-;^cDJ:5^c^i-^^(!! ; a^• 

d) ^t'jo^a^s^y 

e) ^>*y©»#HJU 

[0014] r>r^x-r ^^s^B^^^^u-^ 

ta„ #-©EIH3.-f Jb7>f-^W, nXhKt/*^- 

xzmfotZo 50kHz ©^uxiBgss^ A-f^yt*? 

y*-hrJ>hP-;U^ 7^ £{S£tC&LT 50kHz SI 

myj-hf (RF) IRS«[©>^uxiliiSIH4ffl^SC so 



«fH¥ 1 0- 1 2 6 89 5 
6 

«fc*3Bffit>. CCORall^^-^ KB. sKt 5 ^ F — T 
7 x 2 h (body shadow effect)©i5S£SWt\ 

. [0 0 1 5 ] *miiM ! #itt&ffl&%m<D } )*--h3 

S. Ctl», fci£fm<DV v*?Tv y'^Z-XD*)^ 
y*-hn>hP-;l^ t^'^*££i*M£#^£ 

fflt^r, wjaesswasti-rciSfBiBsccjss. c© 

c i b, RttftyiBf&©a--- y (c<t u 

wif©fs «g©ss# bxmw? zct zamtc? 
Rtt ^ *i a mil n a )i%m c y h > h o 

-Mc&^x^)\'^y*)\'j**v%y*uy?&x%z>£*) 
ecu *fc3>b**-**s, y*- h^> hu-;u<bffl 
eg©ifflr 7 ^ + u xfflft fcjs^-ctiiBSrt©-** y * 
^p^Ar^^iMct^ ffiot, ffiJHii©7^+ 

[0016] ^^©^©JftBlKfcC^TB. 'J h 3 
>hn-;U®#4SWKt), MoWSRaifcry ^7* 

so*sia»jp - 7* b* ^ ^ r v y'm owi c mm * a & zm c > 

sy*-h3>hn-;U*«AfcliWt»*s. x^-xg 
$M'3Xhm<t^ 0 c©y^-"hn>hp-"^ 

ffiKSA^ 0Ha©3-r^±rttfWSAGC4*iJ«O 

cocitt, y^e- hP-;i/3^6©pHST 

Mo?R^iifi^fe/c^fn>b , ^-^MfJ^-' h 
4fflC^SHtt»Xtt y h n > h P 7'P ^7 5 

scicc^or^egxtty*- hn>hP-W77 



< 5 > 

7 

[0017] *«WfC iStHigtt, mmmrfrx y 

<£>£l£t?o 4HO^-/>: 3dB -Y T J^> hT48dBCD 
®SIL ffjSSiftSl : 500, 707, 1000, 1414, 2000, 2828 
XW 4000Hz. fittB : HfiWBXBSfittB. 10 

MRS l"< ^ : 3dB -Y > £ ! J > > h t?48dB©JBH 

yy-*B$Hi: 2©»§itc*jii-c 2^68192^ u# 

»2ffl*AGCS/^f*A 

MRS : 3dB ^ > ^ T J ^ > h r48dB£>fiB 

yy-*B$ffl: 2©«SKfctir 2 3^681925 y# 

IS 1 AAAGC^rA 

■ft : 3dB A > 2 y J > h T'48dBCD©B 

JBEIBJt: 1.14, 1.33, 1.6, 2.67, 4, X» 8 

T^v^l^H: 2©JRfRK*t>T2*>681925 y# 20 

yy-^B*lffl: 2©*StC*5C^r 2**681925 y# 

Hffl : 3dB A > £ y > > h tMSdBDBB 
E*Btb: 1.14, 1.33, 1.6, 2.67, 4, XWt 8 
7***B#H|: 2©SSfc:te^ 2 *> 681925 y# 
yy-XB$H: 2CD«»C*SC^ 2^681925 y# 
^XfSMVXrA 

Hffl : 3dB -Y > ^ y j* > h "C48dB^®H 
7*-;£B$|ffl: 2<DWmt*^X 2*i681925 »J» 
J^T©'* 7 2^©^ + >*;U©&*tC*JWS 30 

ft ^7 3&:ISHCcto/co TSBBSg©SlJSB#tc 7*u *fv A $ ft 
g!lffl*AG<»X<f A 

7#?$'i$iH: 2©**tc*5iir 2**681925 y# 

!2HiAAGC^XfA 

7f ?^HB: 2 (DSRStefcHT 2**681925 y# 
^-YXfiiK^^A 

y y-XB#H : 2 ©JRfttCte^T 2*68192 5 »J# 

;b=fyXA*fflCirg8:W6*i, W©S»&*tS, Elf 40 
««©JES, a»«C±^->©^X*>^(Dj£*Sf3, SS 

[0018] *«?H©cn6©Si>'SiJcOJS«. «Ftt*s, 
8Stf Bfflfe J: O'OTcOi^H^ £#M u r t& W 3 ft S o 
[00 19] 

(*WCcK-5C^rBJlBK:iBl!cStiTC*S*i. C*i6©B8?n 



1 0- 1 2689 5 

8 

L/c*tt«(cMRT*t>©ijBL/T«46*t*. H 1 O 
r^^^;Hi^>x^Ai o**\ a-tftftttfSfv 
.^*;U»|«S12. 14 (W7r;r--f>y) 
-©7M^*A4fB881 2fcL<«l 4 UtS?*??- 
-f >dO £{fx.£o WX&& 1 2 , Hit 7*0^7^ 
tfV.lrvh 12 a. 14a^7^3><!:lti«fc 

[0 02 0] H-F3>FP-J^^ h 1 6*>\ * 
IBS12, 1 4©»ffi4«ai-rsfca&«:a-if{c3a*3 
ft£ e a-* H 6tt, tt8«»x*jl/*RfcJ:oT\ 

2, 14K£au tt*ttnciiT<Sfl»ic»urli 

;^?H6lt '7 , n^^5>^y^^ h l 6 a£i§ 

*<©a^tf*sajRpJffi&^O^AXtt^'7^ 

-*ffl*AarSKtt?5c£#r*S. ?'n^5> 

aKJB^StiS. 7*P^7^>^-FM77^18 
b, 1 4&tfy*-ha>hn-^ 

[0 02 1 ] f^teOCC. fffilS 12. 14*5, 7-Y^U 
XF7>^ 5 ? 5? 1 8 d&i?U^-A 1 8 e£<f£Tfe 

<k^ B ffio-c, fflgsi 2, UK, aiBWKi^Dy^ 

AStiX««aiSti4C4*«'C*a. 3 6K. tf**7 
7 7'l8e' *i, BuCCfatt3hfc^n^AX«7 r -* 
ittULr, U^-^'l 8 e5CK*R-j*C4*5r*4. 
7r;r^>^7'u^7A18f^ ^-v^J!/3>f 
^^18ait7>U a— tfOttJC^Wttf 5 -** 

swwo, foa- tfKW-rsimaii 2, r4©a«j 
ttifttittwu, *©awttf r -f*^ , oy7 5>y^ 

>^7x-xi8m^ 0 y 4 y?4>#7n#yJ* 
[0 02 2 ] A 1 0 »<r ft*«rJltt 

sti*ci*sr#& 0 mmsi2, i4«. 3 

©f*WJ©* -Y^Cbehind-the-ear.BTE). 5CDF*3§(J€»^ -Y 
7"(in-the-ear), ©F^aJCD^ -Y 7*(in-the^canal)r4> o 
TJ:l». tfc^AlOit, y*-f*a>ho-;m 

E6nfc©*-&*fttoDtcffl^T«SEShrfcJ:^ 0 ^> 
^fAlOtt, ^>A7XY y^tt^©a-if*^Jft 
-r&3> hu-^^SftcM^r^J;^ 02 

WAWttBSSl 2, 1 4©^o^^H*«Btf 
H2©7 f ^^4'JUSHSSl 2. 14©*^tt. pJttatt 

[00 2 3 ] 3 -Y ^ 2 2 tt, «IS©SISSXBeaffll3l 



(6) 

9 

y*-h:n>hP-jWI#*5tt»sctfcr**. * 
^ a «> l < * c >6 n & c <t & -c 

tti>*§tt8KH0Ttt* Sf«=i^;U2 2ttiiJg&i>. p 10 

[0 02 4] »^fg^tH2^*24^ ±au/cft^- 
0ffW3>ha-;l/2 6^e»3»aS(D. att#-h2 4 

«*** : f©#^p-fev*24(c«i&'r4. 

P-fe?U-2 4tt, B3©:/Py ^B^JBKWSSft 20 

KT©^-^*C«, 03tt^£n<E>fi^S 1-S 
2 l©ttR4 3 

si 7*p*-"sjwa«ft 

S 2 1 t* y h 400KHZ 

S3 13tf f h 400KHZ 

S 4 2 t' y h 400KHz 

S 5 400KHz»iiifi© 2 5 -f > pJMHWJ 

S6 r+uv-fiWsmL 

S 7 avhn-jMf-^ 

58 T^P^ 30 

59 t^p^ 

s i o gtiisoKHz m*m 

S 1 1 ltsrh r ^^;HE?iJr- £ 

si 2 a> ha-;U5-f > 

S 1 3 r KU* ; ; p> bn-)l 

S 1 4 7FUX; 7 s -* ; x> bn-;l/ 

S 1 5 7 s -*24fcT^ h 

51 6 TFl/Xt'^h 
S 1 7 8t'^f-^ 

S 1 8 TFU^t^F 40 

S 1 9 9 t'y hM'J02o©Y>* 'j-^hfc 

S 2 0 10t' y r 3 > h P -*f 

52 i 9 try hM'Jco2o©>f >*y-^$n/c 
i.s^Ptr* HPf- 

nmsja«»m#i, sa^-ni^ 2cc<fc9tews*i 

-5y*-h3>hP-JHs^«:*S*I-rS. glft^V>n 
>hD-;b (AGC)*s. y*- h3>ha-;Mi#<D 
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[0 02 5] 'J*-h3>hP-JUfi#1ftffi82 2b 
tt, 7'V7>7'2 2 aCO|g£3ft, 3 ;U 2 2 J: 9 tft 

ovx&, Rai3^^^y7>^2 2a3^e)©Hi*(i# 

rtP^-f^^;^>^^30^ 7'yy> 
7*2 0 aCDr^P^ffl**^ ^^^JBacc^jft-TSfc 
#>CCRtt6ft£o A/D3>^'-^3 0tt, IEEE Press 
1992 (O Candy and Temes Ed.&C<£& (Versamplinq De 
lta-Siqma Data Converters lCffi7jk$tl& % A y'<DX - 

P-fey-9* 3 2#Rtt6ft t A/D3>^-$3 0*»6S 

wKehfem^fea-rs. com :ahz?i>-3 
coy^>, fits. ac«f^EH*»», ^>fp-^p 

[0 0 2 6 ] fr^^Jl/-TtD^>^->3 6#R 
tt^ft, Bjttfl^P-fey*3 2*6©7w ^*Wtl* 
fi^*hy-A*tfy hXhy-AKSftU 

h*by-Aj&>6, Tco^iA^KtHS-rsr^p^fll 
^p-^^^^^as-raci^oriiasti 

-So C©7 -f;l/*#HI«, fl* r5>Xr.*-1f 2 8, 
flHSSl 2<DU^-A«"CfTfc5. ffl^F7^A3 6a 

2 8 <W*«fi^US/--/<) t 

<D7 s 4ts$frfm7V'te ?y- 3 4-tt, pjefs^P-fey 

■9-3 2©2o©H«»^ + >*;l/©ffl**6m4%SW 
(H5Cofc£ft£) , 3>hP-;m-5f*£fiEL, 

[0027] ^p-fey-^3 4jc*s^-rs*^>*y 3 4 

■TS. H3©ft^P^y*©M^©lo«:. a^ftSO 
ffliffi 3WR ^ ftltBcc W ur s h & c i 3&s*4 c <fc * 

fiB#x«a©»fa©»$K:, -i>^7x-x7 , p^^3 
8tc<tot:A^' : ey 3 4Kp- Kstisc4*sr* 
S.'CO-^-ty 3 4a», w^ift^^yt^-^ 

^-5?*a>hP-;U^P*y1f34tC^ji, tfiKS^F 

^•■5^-*^*y3 4b«, »*u<tt»att^ j eys 



11 

[ 0 0 2 8 ] rtvjt — Zlfi* 'j-t- |-p-;Lol.=. 

y^'J 3 4 bicn- KSti, ^ay7S>^3*^$o 

t%t$t<C> ^7jt-$J*V 3 4 b ©*#fSttBB#;fc 

^ s > *#*#>*>©*§<££ ioT, cft62o© io 

ft£ 0 ^7^-^^^'J34b^ t ffiK8©t^'Jr~-£ 

7*U -fe v if 3 4 CD 7 - ^g«t*J UT-B$IBt«S« 

[0 029] -f>#7x-*:/cHz**3 8tt, A*/ 
W*«B*^LT, ^JXWi£5»je3IXBSKf3tW» 

1>S£** W^tfje^Jf"-^*^*^^ 1 2 at^6 20 

euscc HDft^aiiBsn, 3^22' tcse 

hP-jU^6©A#*3W&S. C£D7'P-fe 
7*3 8 v^f^p*>SCf/X«S!»n^;UA** 
aiR-rSfc«>tC, n> hP-;Hf^^';r>7'2 0 a 

k^as. s etc, «e«»l ^d^m sc;^*7 

[0 03 0 ] mTft^|7*n^;/*2 4£, H3tC«IS3 30 

acf^-f^^iKDfttBw, jm©**:/±«:shis*i, & 
D3>^jf3 0», rtD^sossao-uiA, 

34 >2 0 b±.<DTi~V>?X?)mnt, 7^>20ci 
©5R:7*-K^y*ffi^*J)n*, 34>3 0-2fCX 

-ft#*8l»rS. »3ffl»S3 0-5©ttJ*^6»2 
S#83 0 ~4<DKti^0)y a - V'*y ^X3 0 - 6 

[0 0 3 1 ] ffifi%^S3 0 - 7 tt, 3-?©m#S3 0 
-3-30-5 ©7tD y Htt©S<&ttttftl££j&U , 

y£y?fc'>yjMiS3 0-8^ S^an/di^s 
a&u^jucite-ra. Jt«*g3 o - wisj-i/c 

JSRIUS3 0- 1 0*J, ^P'^ (0IA«4OOkHz©U- 50 
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h) ©fi»<S©4>*-^Jl/e, it«Sffl*©tt»** 

>7'<;>yu TO&fcbgi30-i ootti 

7-f>30-l liOA/D3>^-^fr^ 
*;Hti*<k&<&. ^Xf&£g3 0- 1 2*s, tv^£ 

^fcti^Pv^ ^pr&£<L^t^lv^Uxr&'K 

&S, ltf^D/A3>^^30-13^ TVS/ 

fcft#U^U4W-r*^^>2 0 c±07tP^7^- 

[0 0 3 2 ] #IBfB#^0-fe»*3 2^ B5K:*$l>r 

<§^/cr->y-^3>Xf-'-^3 2- 1 £^fc 0 2"Cf r 

*©eaH»»> 

cur 3 ) a+r 1 ) (i4-r l )/8 

. iSc^K f6©±"C©*>^l/*sfeT6tl, 400kHz©*> 
h*200kHzfcTtfS. ^ff^7'n-fe^*3 2 

JK< tv ^ ;U£*t*-^*>7' y >^i!K© 

2<&©jaRt?«M^0«c^n«&6-f. 7^;U3?xuy> 

[0 03 3 ] S«»»S*JJ:Cfy>f>v;b^^-r + 3 
2-2*. ^-/^^Jl/A^^fi^ + V^iUy-OtfitH 
ffl*SDX, A»t(£H««^ + >*^7^;l/5f32- 

mzmcx, A*t*a«a^ + >*^-f;i/*3 2- 

4tcA*"TS. K**>*JU7*;b*3 2-4W\ iffiW 
yca-^-f-f s?*;U7-f Jl/5?3 2-5. C©?^^ 
^Kfc^-t— ^#3 2 - 6-c^Sfb3n^ 0 0. 

707 ©Ql^^O^^Y^Xfr^^J^ ^£3 2 

-7^, ^ny^v^ujf^jftftiwr*. c©7-< 

[0 0 3 4] 1.414 ©Qffl^fcoZ^D-^'Xf^^ 

coy -oizommz, Mffimm^it; j xoxs^i* 
^mhtt-chz* chit ^*ft3n/c»ngL§fe 

;U* 3 2 - 33&J, BWomTO^f—t 5 *^. 125H2 
©Jf jSHiftSlE* t> ^-^c^ N^^^-f-fi/^;i/7^;u^3 
2-6 0 t©7-fJU*«, fl57 c i->^>'V3 2 -4ic^C^ 
r— ^C7-f;U^3 2-5-C^S{bS*l*, 0.707 ©Qffi 

-fJU*3 2 - 9 0 C©7^JU^B, ^S{t3nfc 



(8) 
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[0 0 3 5 ] fPteiVWIE^f— ^3 2- 1 0W % 

ru **i&*an*, *n^6fftt7-f>3 2- 1 i_t 

-^32-12^ i^*>*;U7^£3 2-4<i;<g 
^+>*jU7-r;U4r3 2-3©H*©ai*4. «»16-C 
12 , 50(# > 7>/#cO^ > 7'y > «ISMC 7 s ^ - b t 

#>7* (sine 7^;U£) iPbteh* t&SktbX&J&S 10 

3 4-5±(C^fi{tSh*. D/A3>^-5f3 6*i 
B6(£0!MS3*iSo Ctitt, 7>f>32-l UOf^ 
^;UA*rti^ ^>3 6 -2±©SISU/c2{iif : 

^ - fiwmcm^t&mwm e - 1 

5-f>3 6-3±KX7HI#*£J8**. 
[0 0 3 6 JSK »2fc£tfSI37*:*AU-~*T& 
b%U^X£3 6-4-3 6-6#\ EWcift&l/Tx 
»»S3 6-7^ »17**A 
l/-*36-4i»2T+*AU-4?36-5©HtC» 20 

&37**AU~*3 6-6*>6©7-f -F>* 
»*(t#«6U 5.6kHrce»H»^a*«< B »DHIS 
36-8B, 3^CDT^^AU-^36-4-36-6 

£<DX7~-fI-5t£3H\ »i4tS3 6-9tt, 5-Y>3 
6-9' ±(Dv;l^t'7 hjg«»fi*ff*i7-fs#^ 
62<B ( 1 * h) '^-f ^^;HH**»ttf *• Cti 

[0 03 7 ] >^-*3 6- 1 0«, »1 ffl#*£tf 

>3 6- 1 l±K®2 0K<ES*ifcA/D:3 30 
>/*-#©ffi#*£jES-f£ 0 3>hP-;i/^D-fe^if3 
4#sH7«:^3n-6. C*U*. #<£y*'J 3 4 a#»e><E> 

> h^6ttJB(t#«rSWKS^-f 3-^3 4 - 1 
*ffi£Z> 0 tftBfi^££j&U A'7^-^y^'J34 

fc, 3 4 ctc^rsSKte^^iilSfil**] 

®JT&„ 7'D^7A^»)>^34-2^ ^^'J3 
4a*i&Oft^©^-^>^*ftlJfflira. -*f©illffl* 40 
2>*34-3#, V7F-)x7*iP-Fl, rt>'J^ 

[0 0 3 8 ] JSffiBt»3>^->3 4-6^ A*©* 
»tt<D*HSl og (JS2) (Z>fi©»»«:»o-CK»W« 
$jfi<H*tT&5. c©«fiB«, 2^©* + >*;U3 2- 
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DIGITAL HEARING AID SYSTEM 
Field of the Invention ; 

The invention pertains to electronic hearing 
aids. More particularly, the invention pertains to 
hearing aids which incorporate digital signal processors 
for .processing and amplifying incident acoustic waves as 
well as equipment for programming such hearing aids. 
Background of the Invention : 

Known forms of electronic hearing aids 
incorporate circuitry for the purpose of processing and 
amplifying an incident acoustic wave. The nature of the 
processing and the degree of amplification that is 
appropriate varies widely from one individual to 
another. 

There has been and continues to be an ongoing 
need for electronic systems and hearing aids which in 
addition to providing appropriate levels of gain and/ or 
other processing provide for ready modification of 
processing characteristics so that standardized 
circuitry can be used to meet the needs of a wide 
variety of users. Additionally, the auditory 
characteristics of any given individual vary over a 
period of time and .it would be particularly useful to be 
able to alter processing characteristics or parameters 
thereof after delivery and use of the hearing aid as 
experience is gained with it. It would also be 
desirable to rapidly and directly compare the effects of 
such modifications. 

It would be especially beneficial if such 
processing characteristics and related parameters could 
be modified in real-time while the hearing aid is 
actually in use so as to maximize the beneficial effects 
for the actual user. Further, it would be desirable to 
be able to incorporate the benefits of digital signal 
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processing which can be carried out at relatively high 
rates on the one hand with control methods or algorithms 
which might allow processing at a lower rate so as to 
achieve a more optimum result for the user. 

Further, it would be desirable to be able to 
carry out the complex calculations necessary for signal 
processing without having to make extensive use of 
multiplication and division operations which tend to 
take longer than simpler operations such as addition or 
subtraction. Finally, there continues to be a need to 
carry out signal processing which will increase the 
intelligibility of speech relative to noise which is . 
always 'present in the environment. 
Summary of the Invention : 

In accordance with the present invention, an 
input transducer which converts an incident audio wave 
to an electrical signal is combined with an analog- to- 
digital converter, a digital signal processor, a control 
unit coupled to the digital signal processor and an 
output transducer which carries out a low-pass filter 
function simultaneously with generating an audible 
output wave. The digital signal processor incorporates 
a low-pass digital filter in combination with a high- 
pass digital filter. The filters, in one aspect of the 
invention, include one or more programmable corner 
frequencies. 

Digitized outputs from the filters are 
combined in a summing stage, an output signal from the 
summing stage is converted to an analog form in a 
digital -to- analog converter and used to drive an output 
transducer which also carries out a low-frequency 
filtering operation. 

In another aspect of the invention, a sigma- 
delta analog-to-digital converter is coupled between 
the input transducer and the digital signal processor. 
A decimation circuit can be coupled between the output 
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of the converter and inputs to the signal paths of the 
dual digital filters. 

In yet another aspect of the invention, gain 
control can be accomplished in the signal path by 
multiplying a digital multi-bit gain control signal by a 
one or two bit representation of the digitized input 
signal, where there is no decimation circuitry. 
Alternately, multiplication can be by a three to four 
bit representation of the digital input signal in the 
case of a circuit which carries out a decimation 
function by a factor of 2 . 

In yet another aspect of the invention/ the 
digital filters can be operated at high oversampling 
rates and can provide adjustable characteristic 
frequencies determined by filter coefficients which are 
binary based. The use of binary based filter 
coefficients eliminates any need for multipliers. 
Multiplication can be carried out by using shift 
operations* These could be implemented using 
multiplexer circuits for variable multiplications and 
hard wired offsets for fixed multiplications. 

In yet another aspect of the invention, the 
output digital-to-analog converter can be implemented 
without needing any additional, filters beyond the low - 
pass characteristic of the output transducer. 

In yet another aspect of the invention, signal 
amplitudes which have been digitized can be converted to 
logarithmic form. In logarithmic form, additions and 
subtractions replace multiplications and divisions. 
Multiplication steps can be used to approximate 
exponential functions. 

In yet another aspect of the invention, 
circuit simplicity is promoted by use of a piecewise 
linear approximation to a logarithmic function. After 
processing, the resulting signals are converted back to 
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a linear domain using a piecewise linear approximation 
to an exponential function. 

By translating various of the control signals 
to a logarithmic representation, not only is circuit 
complexity reduced, but the logarithmic domain readily 
supports a wide dynamic range very efficiently. As a 
result, dual input compression systems, dual output 
compression systems and a noise reduction system can be 
provided for each of the frequency bands and can be 
independently ■ adjustable . 

In yet another aspect of the invention, the 
hearing aid can include a programmable processor wherein 
control instructions can be stored in nonvolatile 
instruction memory when the unit is manufactured. This 
allows units to be built with different sets of 
instructions implementing different signal processing 
algorithms . 

In yet another aspect of the invention, one or 
more interfaces can be provided to enable the control 
unit to communicate with external circuitry. In one 
aspect, the interface can be directly coupled to an 
external programming apparatus for the purpose of 
reading out the values of parameters stored within the 
hearing aid and for adjusting parameters. 

In yet another aspect of the invention, a , 
remote control unit can be provided. Such a unit could 
transmit a modulated RF carrier which could be detected 
by the interface of the hearing aid. Such an 
arrangement would make it possible to remotely control 
parameters of the aid so as to optimize performance 
thereof in view of the individual characteristics of a 
user and of the specific listening situation. 

The remote control unit can be coupled with a 
computer for the purpose of adjusting each of a number 
of sets of parameters stored within the remote control 
unit . 
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Further, in accordance with the yet another 
aspect of the invention, a plurality of parameters are 
field programmable for each of the channels of the 
digital signal processor. Such parameters can be 
established or modified based on user characteristics as 
a result of being field programmable. As user 
characteristics vary over time, the parameters may be 
readily altered to take such variations into account. 

A digital . hearing aid in accordance with 
another aspect of the invention incorporates a sigma- 
delta A/D converter with either no decimation or with 
decimation by a factor of 2. This reduces substantially 
the amount of digital signal processing needed for 
decimation filtering. 

Further, using a sigma-delta A/D converter in 
which pulse width modulation (return-to-zero coding) is 
used in the digital feedback path eliminates the problem 
of inaccuracy and noise caused by unequal rise and fall 
times. 

Gain control can be accomplished by 
multiplying a digital multibit gain control signal by a 
1 or 2 bit representation of the digital input signal 
(in the case of no decimation) or by a 3 or 4 bit 
representation of the digital input signal (in the case 
of decimation by a factor of 2) . This reduces 
substantially the complexity of the multiplier. 

Using infinite impulse response (IIR) digital 
filters designed to operate at high oversampling rates 
and providing adjustable characteristic frequencies 
determined by filter coefficients that have values of 2" 
n , where n is an integer eliminates the need for 
multipliers, since the coefficients can be implemented 
as digital shifts. 

Using a sigma-delta D/A converter to produce 
an output bit stream with no signal reconstruction 
filter, relying on the low pass characteristic of the 
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output transducer to filter out high frequency 
components and relying on the inductive impedance of the 
output transducer to achieve high efficiency eliminates 
the need for a reconstruction filter and provides a 
highly efficient output drive to a magnetic transducer. 

A digital hearing aid in accordance with yet 
another aspect of the invention uses a digitally 
rectified, filtered, and decimated version of the output 
signal in each frequency band to represent the signal 
amplitude in that band. Digital implementation of these 
functions is accurate and efficient and requires no pff- 
chip components. Decimation to a low sampling rate 
allows the control path to operate at a much reduced 
computation rate. 

Converting signal amplitude to a logarithmic 
domain using a piecewise linear approximation to a 
logarithmic function and then, after processing these 
signals using a control algorithm, converting the 
resulting control signals back to the linear domain 
using a piecewise linear approximation to an exponential 
function reduces hardware requirements. Multiplications 
and divisions are replaced by additions and subtractions 
and exponentials are replaced by rudimentary 
multiplications, greatly reducing circuit complexity. 
Also, the logarithmic domain expresses a wide dynamic 
range very efficiently. This allows providing enough 
capability to provide a dual input compression system, a 
dual output compression system, and a noise reduction 
system, with each of these independently adjustable for 
each of two frequency bands. 

A control processor that concurrently performs 
the operations of selection of two input operands, 
multiplication or shift, addition or subtraction or 
conditional selection, and output storage allows more 
processing per cycle than consecutive operation. 
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Implementing a control algorithm using 
instructions programmed into a non-volatile instruction 
memory at the time of manufacture' of the hearing aid 
permits rapid implementation of corrections or 
improvements in the control algorithm. 

A hearing aid with a digital serial interface 
in accordance with the present invention can use pulse 
width modulation (return- to- zero coding) for the 
transmitted data. As a result, the transmitted signal 
is self clocking so that a separate clock line is not 
needed and timing is not critical. Also, since only a 
single signal line is used, it is readily adaptable to 
wireless communication. 

A hearing aid that uses a serial interface can 
provide some or all of the following functions: 

a) Programming hearing aid signal processing 
parameters 

b) Reading out parameters from the hearing aid 

c) Remote control of the signal processing 
parameters and other control settings, such as volume 
control 

d) Programming the instruction memory 

e) Reading out the instruction memory 

Using a single interface for these functions 
reduces cost and complexity. 

A hearing aid with a serial interface that 
includes an antenna switch and a carrier modulator so 
that the same tuned coil can be used as both a receive 
and transmit antenna. This permits wireless 
transmission in both directions, eliminating the need 
for a programming connector. A single tuned coil 
antenna, saves cost and space. 50kHz pulse width 
modulation transfers a binary bit stream. 

A remote control for a hearing aid that 
embodies the present invention can use pulse width 
modulation of a 50kHz induction field (RF) carrier for 
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data transmission. The carrier frequency is well beyond 
the audio band to minimize audible interference, but 
still below allocated frequencies. . The induction field 
is not subject to body shadow effects and allows control 
of both hearing aids in a binaural fitting from the same 
remote control location. Pulse modulation allows highly 
efficient output stage. 

A remote control for a hearing aid that 
embodies the present invention can use two transmitting 
coils in space quadrature, driven with carriers in phase 
quadrature. This minimizes nulls in the pickup pattern 
of the transmitted signal. 

In a further aspect of the invention, a remote 
control for a hearing aid can use a conditioning pulse 
and a transmitted identification number to signal a 
valid transmission for the hearing aid being controlled. 
This minimizes false actuation or actuation by another 
user and permits independent control of both hearing 
aids of a binaural pair. 

A remote control that uses tuned coils driven 
by a bridge type output in a switching mode provides 
high transmitter efficiency. 

In a further aspect of the invention, a remote 
control having a programming connector enables a «. 
computer to program multiple memories in the remote 
control and that also enables a computer to program 
memories in the hearing aid using wireless transmission 
from the remote control to the hearing aid. Hence, 
wireless programming of the hearing aid can be effected 
using the modulator and transmitter already existing in 
the remote control. 

In a further aspect of the invention, a 
hearing aid with a remote control that uses the same 
induction coil for receiving the remote control signal 
and for telephone induction pickup and induction loop 
pick up has reduced space requirements and cost . This 
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remote control uses the same low frequency RF 
transmission for both the phone and remote control 
scheme. Both uses the. same coil in and out. 

A hearing aid for use with this remote 
control uses AGC acting on the tuned receiver coil to 
control the sensitivity for the remote control signal 
while not affecting sensitivity for audio frequency 
induction signals. This reduces audible interference 
from the remote control. 

In a further aspect of the invention, a 
computer interface permits programming hearing aids or 
remote controls that uses a computer parallel port to 
supply power for the interface and to provide 
bidirectional communication. This eliminates the size, 
cost, and inconvenience of a separate power supply. The 
computer software is able to control the signal 
switching pattern. Such a computer interface makes it 
possible to program hearing aids or remote controls by 
use of a transformer to transmit power to the interface 
and optocouplers to transmit signals to and from the 
interface. This provides electrical isolation needed to 
meet -safety requirements. 

A hearing aid in accordance with the present 
invention can incorporate a signal-processing algorithm 
in which numerous parameters are field programmable over 
selected ranges in each of two channels. These include: 
Full -on Gain; 48 dB range in 3 dB increments. 
Corner Frequency: 500, 707, 1000, 1414, 2000, 2828, or 
4000 Hz. Phase: In phase or out of phase. 
Primary Output AGC System 

Limiting Level: 48 dB range in 3 dB 

increments . 

Release Time: 2 to 8192 msec in powers of 2. 
Secondary Output AGC System 

Limiting Level: 48 dB range in 3 dB 
increments . 
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Release Time: 2 to 8192 msec in powers of 2, 
Primary Input AGC System 

Threshold Level: 48 dB range in 3 dB 
increments . 

Compression Ratio: 1.14, 1.33, 1.6, 2.67, 4, 
or 8. 

Attack Time: 2 to 8192 msec in powers of 2. 
Release Time: 2 to 8192 msec in powers of 2. 
Secondary Input AGC System 

Threshold Level: 4 8 dB range in 3 dB 
increments . 

Compression Ratio: 1.14, 1.33, 1.6, 2.67, 4, 
or 8. 

Attack Time: 2 to 8192 msec in powers of 2. 
Release Time: 2 to 8192 msec in powers of 2. 
Noise Reduction System 

Threshold Level: 4 8 dB range in 3 dB 
increments. 

Attack Time: 2 to 8192 msec in powers of 2. 

The following parameters may be programmed at 
the time of hearing aid manufacture over various ranges 
in each of two channels. 
Primary Output AGC System 

Attack Time: 2 to 8192 msec in powers of 2. 
Secondary Output AGC System 

Attack Time: 2 to 8192 msec in powers of 2. 
Noise Reduction System 

Release Time: 2 to 8192 msec in powers of 2. 

A fitting system can be provided that uses a 
fitting algorithm to select hearing aid parameters based 
on the factors of abnormal growth of loudness, widening 
of critical bands, abnormal upward spread of masking, 
and binaural vs. monaural fitting. 

These and other aspects and attributes of the 
present invention will be discussed with reference to 
the following drawings and -accompanying specification. 
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Brief Description of the Drawing : 

Fig. 1 is an overall' diagram of a system in 
accordance with the present invention; 

Fig. 2 is a block diagram of a digital hearing 
aid in accordance with the present invention; 

Fig. 3 is a block diagram of an electronic 
system usable with the hearing aid of Fig. 2; 

Fig. 4 is block diagram of an analog- to- - 
digital converter in accordance with the present 
invent ion 

Fig. 5 is a block diagram of a digital signal 
processor for the audio signal path in accordance .with 
the present invention; 

Fig. 6 is a block diagram of a digital -to- - 
analog converter in accordance with the present 
invention; 

Fig. 7 is a block diagram of a control unit in 
accordance with the present invention; 

Fig. 8 is a block diagram of an interface 
system in accordance with the present invention; 

Fig. 9 is a block diagram of a remote control 
unit in accordance with the present invent ion ; 

Fig. 10A is a block diagram of a wired 
programming interface in accordance with the present 
invention; and 

Fig. 10B is a block diagram of a wireless 
programming interface in accordance with the present 
invention. 

Detailed Description of the Preferred Embodiment ; 

While this invention is susceptible of 
embodiment in many different forms , there is shown in 
the drawing, and will be described herein in detail, 
specific embodiments thereof with the understanding that 
the present disclosure is to be considered as an 
exemplification of the principles of the invention and 
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is not intended to limit the invention to the specific 
embodiments illustrated. 

A digital hearing aid system 10 of Fig. l 
contains digital hearing aids 12, 14 (binaural fitting) 
or a single digital hearing and 12 or 14 (monaural 
fitting) worn by the user. The hearing aids 12, 14 are 
optionally equipped with programming sockets 12a, 14a to 
allow the hearing aid characteristics to be programmed 
for the individual user. 

A remote control unit 16 carried by the user 
to control the operation of the hearing aid(s) 12, 14. 
The unit 16 is capable of transmitting, via radiant 
electromagnetic energy R, user-selected commands and 
parameter sets to the hearing aid(s) 12, 14 to adjust 
the hearing aids characteristics for various listening 
environments. The remote control unit 16 is equipped 
with a programming socket 16a to allow entering and 
storing a number of user-selectable programs or 
parameter values. 

A programming interface 18 is coupled to a 
personal computer 18a. Programming cords and plugs 18b, 
c provide the electrical signals needed to program the 
hearing aid(s) 12, 14 and remote control unit 16. 

Alternately, the hearing aids 12, 14 are 
equipped with a wireless transmitter 18d and receiver 
18e. The hearing aids 12, 14 can thus be remotely 
programmed or controlled. In addition, pickup 18e' can 
detect previously stored programs or data being read 
back to receiver 18e, 

A fitting program I8f can be run on the 
personal computer 18a to accept audio logical -data for 
the user, to determine the appropriate characteristics 
of the hearing aid(s) 12, 14 for that user, and to 
provide the appropriate data to the programming 
interface 18. The fitting program 18f can also provide 
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other functions, such as storage and retrieval of user - 
specific data. 

The hearing aid system 10 may be provided in 
various forms. For example, the hearing aid(s) 12, 14 
may be behind-the-ear (BTE) , in-the-ear (ITE) , or in - 
the-canal type. Also the system 10 may be configured 
without the remote control unit IS, using a limited set 
of hearing aid mounted controls instead. The system 10 
may even be configured with no user operated control 
other than an on/off switch. 

Fig. 2 illustrates a block diagram for a 
hearing aid such as the aid(s) 12, 14, 

The digital hearing aid(s) 12, 14 of Fig. 2 
each contain a microphone 20 to receive acoustic signals 
in the audio frequency band. An inductive pickup coil 
22 serves multiple a dual purposes. 

The coil 22 receives magnetic field signals in 
the audio frequency band from a telephone receiver or a 
transmitting induction loop. It can also receive remote 
control signals encoded on a transmitted or radiated 
electromagnetic carrier whose frequency is above the 
audio band. It can also be used to receive programming 
signals from transmitter 18d or to transmit programs' or 
information to receiver 18e. For a hearing aid without 
an induction pickup option and without remote control 
and wireless options, the induction coil 22 is not 
needed . 

The connector 12 a can optionally be provided 
for bidirectional transfer of encoded programming 
signals. Transfer can be in serial or parallel. 

An electronic signal processor 24 receives the 
above signals together with control signals from 
optional hearing aid mounted controls 26 and provides an 
electrical output signal at an output port 24a. A 
receiver 28 converts this electrical output signal to an 
acoustic output signal. 
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A battery provides power for the electronic 
signal processor 24. 

The electronic signal processor 24 is 
illustrated in block diagram form in Fig. 3. The 
following table further explains the nature of the 
signals SI to S21 shown in Figure 3. 

51 Analog - audio freq. 

52 1 bit 400 KHz 

53 13 bits 400 KHz 

54 2 bits 400 KHz 

55 2 line output, audio with 4 00 KHz 
carrier 

56 analog - audio freq. 

57 control signals 

58 analog 

59 analog 

510 modulated 50 KHz carrier 

511 1 bit digital serial data 

512 control lines 

513 address; data; control 

514 address; data; control 

515 data 24 bits 

516 address bits 

517 8 bit data 

518 address bits 

519 9 bits parallel two interleved 12.5 
Kbit signals 

520 10 bits control signals 

521 9 bits parallel two interleaved 12.5 
Kbit rate signals 

The processor 24 contains an induction coil 
preamplifier 22a to amplify the audio frequency signals 
and the remote control signals detected by the induction 
coil 22 . Automatic gain control (AGC) , is included to 
control the output level of the remote control signal. 
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A remote control signal detector 22b is 
coupled to the preamplifier 22a to recover the 
modulating signal from, the carrier signal detected by 
coil 22. 

A preamplifier 20a is provided to amplify the 
signal from the microphone 20 and/or the output signal 
from the induction coil preamplifier 22a. AGC limiting 
is included to prevent overloading by high input signal 
levels . 

An analog-to-digital converter 30 is provided 
to convert the analog output of the preamplifier 20a to 
a digital form. The A/D converter 30 is based on sigma- 
delta modulation of the type described in Q ve re amp 1 ing 
Delta-Sicma Data Converters . Candy and Temes Ed., IEEE 
Press 1992. 

A digital signal processor 32 for the audio 
path is provided to process the signals received from 
the A/D converter 30. The signals are split into low 
and high frequency bands or channels with adjustable 
corner frequencies in the processor 32. The gain, 
phase, and corner frequency of each channel are 
controlled by signals from a control processor 34. The 
signals from the two channels are then recombined. 

A digital-to-analog converter 36 is provided 
to convert the digital output signal stream from the 
audio signal processor 32 into a bit stream from which 
analog information, corresponding to the original 
acoustic input, can be recovered by low-pass filtering. 
This filtering occurs in the output transducer 28, the 
receiver for the aid 12 . 

An output driver 36a drives the output 
transducer 28 (a magnetic receiver for example) in a 
switching type configuration. This arrangement provides 
high power conversion efficiency. 

The digital signal processor 34 for the 
control path 34 receives signals from the outputs of the 
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two frequency channels of the audio signal processor 32 
(best seen in Fig. 5) and produces control signals to 
provide, real-time control the gain of each channel. It 
also provides signals to control the corner frequency 
and phase of each channel . 

An instruction memory 34a coupled to the 
processor 34 provides instructions to the processor 34 
to implement a control method. It will be understood 
that one of the advantages of the signal processor of 
Fig. 3 is that different control methods can be provided 
for different hearing deficiencies. Further, the method 
can be altered over time to take into account changes in 
a particular deficiency. 

Instructions can be loaded into the 
instruction memory 34 at the time of manufacture, or 
later if desired, via an interface processor 38. The 
memory 34a could be a non -volatile semiconductor memory. 

A parameter memory 34b provides control 
parameters to the control processor 34 to tailor the 
hearing aid characteristics to. the hearing loss and 
needs of the hearing aid user. The parameter memory 34b 
preferably includes a volatile memory and a shadow non- 
volatile memory. 

Parameters may be loaded into the parameter 
memory 34b via the remote control unit 16, the wireless 
programmer 18 or the programming connector, such as 
connector 12a and may be read from the parameter memory 
34b via the wireless interface of the programming 
connector. Parameters can be transferred from the non- 
volatile portion of parameter memory 34b to the volatile 
portion when the hearing aid is turned on and may be 
transferred . back and forth between these two memory 
types via commands from the remote control 16 , the 
transmitter 18d or programming connector such as 
connector 12a. The parameter memory 34b also stores 
hearing aid identification data. 
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A working memory 34c provides temporary 
storage for the working variables of the control 
processor 34 . 

The interface processor 38 controls parallel 
or serial transmission or reception via input /output 
devices. These include the programming connector 12a or 
the remote control coil 22. When transmitting, serial 
data, for example, is provided, at connector 12a. 
Simultaneously the same signal is modulated and coupled 
to the coil 22 ' . 

The processor 38 also receives inputs from 
optional hearing aid mounted controls. The processor 38 
provides control signals to the preamplifier 20a for 
selection of microphone and/or induction coil inputs. 

In addition various support functions are 
provided, such as voltage regulation, clock generation, 
and power-down functions. These functions are all a 
type well known to those of skill in the art and as a 
result, are not addressed further. 

The electronic signal processor 24 can be 
partitioned into functions that are primarily analog and 
functions that are primarily digital in nature, as 
illustrated in Figure 3 . The analog and digital 
functions can be integrated on separate chips to 
minimize the effects of digital noise on low level 
analog functions. 

The A/D converter 30 illustrated in block 
diagram form in Fig. 4 contains an analog summer 30-1 to 
add the analog input signal on the line 20b and an 
inverted feedback signal on a line 20c, producing an 
error signal on, a line 30-2. First, second, and third 
analog integrators 30-3 to 30-5, in tandem, successively 
integrate the error signal. A feedback path 30-6 from 
the output of the third integrator 30-5 to the input 'of 
the second integrator 3 0-4 produces a zero in the 
transfer function at about 6000 Hz. 
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A coefficient combiner 30-7 that provides a 
weighted sum of the analog outputs of the three 
integrators 3 0-3 to 30-5, provides a frequency weighted 
representation of the error signal . An analog clipping 
amplifier 30-8 amplifies the combined signal to a 
suitable level. 

A comparator 30-9 converts the amplified 
signal to a two-level (on/off) signal. A state detector 
30-10 samples and latches the state of the comparator 
output at integer intervals of a clock {such as a 40 0 
kHz rate) . The output of the state detector 30-10 ie 
the digital output of the A/D converter on a line 30-11. 

A pulse generator 30-12, produces a digital 
feedback signal consisting of a short pulse when the 
digital output is a logic zero and a long pulse when the 
digital output is a logic one,. A one -bit D/A converter 
30-13 inverts the digital feedback signal and converts 
it to an analog feedback on the line 20c with controlled 
signal levels. 

The audio signal processor 32 is illustrated 
in block diagram form in Figure 5. It contains a 
decimation stage 32-1 with a decimation filter and a 
decimeter that discards excess samples. For decimation 
by 2, the transfer function of the decimation filter is 

<i+z- 3 } u+z- 1 ) (l+z^j/s 

and every other sample is discarded, reducing a 400 kHz 
sample rate to 200 kHz. 

The audio signal processor 32. may be 
implemented without a decimation stage, but then 
subsequent digital filter stages must operate at twice 
the sample rate, reducing the possibilities of 
multiplexing filter elements. 

A band splitter and gain multiplier 32-2 
multiplies the digital input by low-channel gain and 
phase values to provide an input to a low frequency 
channel filter 32-3, and multiplies the digital input by 
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high- channel gain and phase values to provide the input 
to a high frequency channel filter 32-4. 

The high-channel filter 32-4 includes the 
following stages in series : 

A first-order low-pass digital filter 32-5 
with a corner frequency of 4000 Hz. This filter is 
implemented with adders and clocked registers and is 
multiplexed with a first order filter 32-6 in the low 
channel . 

A second-order high-pass digital filter 32-7 
with a Q of .707 has a programmable corner frequency. 
This filter is implemented with multiplexed adders and 
clocked registers. 

A second-order low-pass digital filter 32-8 
with a Q of 1.414 has a corner frequency of 5656 Hz. 
The purpose of this filter is to reduce the level of 
high frequency quantization noise. It is implemented 
with multiplexed adders and clocked registers. 

The low channel filter 32-3 includes the 
following stages in series : 

The first-order high-pass digital filter 32-6 
with a corner frequency of 125 Hz. This filter is 
multiplexed with the first-order filter 32-5 in the high 
channel 32-4. 

A second-order low-pass digital filter 32-9 
with a Q of .707 and a programmable corner frequency. 
This filter is implemented with multiplexed adders and 
clocked registers. 

A sum and limit stage 32-10 limits the. signal 
range of the digital inputs from the high and low 
channels, adds them, and then again limits the range of 
the summed signal on a line 32.-11. The result is the 
output signal from the audio signal processor 32 . 

A decameter 32-12 decimates the outputs of 
both the high channel filter 32-4 and the low channel 
filter 32-3 by a factor of 16 to a sample rate of 12,500 
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samples/sec. Each decimation filter consists of a 16 
sample sum and dump (sine filter) . The resulting high 
and low channel output signals are time multiplexed onto 
a single output bus 34-5. 

The D/A converter 36 is illustrated in Fig. 6. 
It includes an adder 36-1 that combines the digital 
input signal on the line 32-11 with an inverted two- 
valued digital feedback signal on a line 36-2 to produce 
an error signal on a line 36-3. 

First, second, and third accumulators or 
registers 36-4 to 36-6 in series, successively 
accumulate the error signal. 

An adder 3 6-7 is provided between the first 
and second accumulators 3 6-4 and 36-5 for injecting a 
feedback signal from the third accumulator 36-6 to 
introduce a transfer function zero at 5.6 kHz . 

An adder 3 6-8 provides a weighted sum of the 
digital outputs of the three accumulators 36-4 to 36-6, 
providing a frequency weighted representation of the 
error signal.. 

A quantizer 3 6-9 provides a two- valued (one - 
bit) digital output from the multi-bit frequency 
weighted error signal on a line 36-9'. This is the 
first output of the D/A converter. 

An inverter 3 6-10 receives the first output 
and produces a second, inverted, output of the A/D 
converter on a line 36-11. 

The control processor 34 is illustrated in 
Fig. 7. It contains an instruction decoder 34-1 that 
receives instructions from the instruction memory 34a 
and status signals from various elements in the control 
processor. It provides signals to control the operation 
of the various processing elements and input and output 
selectors as well as to control read operations from the 
parameter memory 34b. It also controls read and write 
operations to the variable memory 34c. 
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A program counter 34-2 controls the sequencing 
of instructions from the instruction memory 34a. A pair 
of general purpose counters 34-3 are available to be 
loaded, decremented, and tested by software. 

A pseudo- logarithmic converter 34-6 produces a 
piecewise linear approximation to the negative of 
log(base2) of the absolute value of the input. This 
operation produces a time multiplexed logarithmic 
representation of the signal magnitudes in the two 
channels 32-3 and 32-4, 

A pseudo-exponential converter 34-8 produces a 
piecewise linear approximation of exp{base 2) of the 
negative of the input. This converts the time 
multiplexed logarithmic representation of the gain 
control signals to linear domain gain multipliers for 
the two channels 32-3 and 32-4. 

A multiplier 34-10 is present in a first or in 
the "All operand path 34-12 of the control processor 34. 
It multiplies the A input from "All selector gates 34-14 
by a .3 bit multiplicand or by the value 1 received from 
' M 1 ' Selector gates 34-15. 

A barrel shifter 34-16 is located in the "A" 
operand path 34-12 after the multiplier 34-10. The 
shifter 34-16 left shifts the A operand 0 to 15 bit 
positions in response to a control input from shift 
selector gates 34-17. 

An arithmetic and logic unit 34-18 (ALU) 
receives an "All operand from the barrel shifter 34-16 
and a "B" operand from a "B" input selector circuit 34- 
19. It performs the operations of addition (A+B) , 
subtraction (A-B) , and tests for the conditions 
Result =zero and Result<zero. 

A conditional selector circuit 34-22 is 
coupled to the output of ALU 34-18. The selector, which 
could be implemented with combinational gating, selects 
either the output of the ALU 34-18 or, in response to 
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conditional select command from the n B" selector gating 
34-19 selects either the "A" operand or the "B " operand 
depending on the Result <0 output of the ALU. 

An accumulator 34-23 stores the output of the 
conditional selector 34-22 for one instruction cycle. A 
condition register 34-25 stores the condition test 
results of the ALU 34-18 for one instruction cycle. 

The "A" selector circuitry 34-14 for the "A" 
operand selects one of the following: a parameter 
obtained from the parameter memory 34b, the output of 
the accumulator 34-23, the magnitude signal from the 
high 32-4 or low 32-3 channel or an immediate operand 
from the instruction word from the instruction memory 
34a. The "A" selector 34-14 supplies the first input to 
the multiplier 34-10. 

The "M" selector circuitry 34-15, the second 
input to the multiplier 34-10 selects either a parameter 
obtained from the parameter 34b, an immediate operand 
from the instruction word from the memory 34a or a 
multiplier of 1 . 

The "S" selector circuitry 34-17 for the shift 
input of the barrel shifter 34-16 selects either a 
parameter obtained from the parameter memory 34b or an 
immediate operand obtained from the instruction from the 
memory 34a or a zero shift command. 

The »B» selector circuitry 34-19 for the B 
operand selects either a variable obtained from the 
variable memory 34c, the output of the accumulator 3423, 
the volume control signal on a line 34-27 or an 
immediate operand obtained from the instruction word 
from the memory 34a. 

A frequency register 34 T 29 latches the channel 
frequency and phase parameters when the first two 
parameter addresses are accessed. 

The interface processor 38 is illustrated in 
block diagram form in Fig. 8. It contains a pulse 
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conditioner 38-1 that receives a signal stream from the 
remote control unit 16 via the remote signal detector 
coil 22'. The conditioner 38-1 provides envelope 
detection of this signal stream while also correcting 
for short spikes and drop outs. 

An input detector circuit 38-2 monitors 
incoming data from both the pulse conditioner 38-1 and 
the programming connector 12a. The detector waits for 
the presence of a conditioning pulse. When a 
conditioning pulse is received, the input detector 38-2 
generates a control signal indicating that valid data is 
arriving. When the end of transmission is detected, the 
control signal is reset. 

A serial/parallel converter 3 8-3 shifts 
incoming serial data into a register and outputs 8 -bit 
parallel data to a parallel data bus 38-5 at appropriate 
times. The serial/parallel converter 38-3 is also used 
to convert 8 -bit parallel data' to serial data when data 
is to be output to the programming connector 12a. 

A clock/bit-counter 38-6 controls the shifting 
of serial data in the serial/parallel converter 38-3 and 
times the transfer of parallel data to or from the 
parallel data bus 38-5. 

A parity check circuit 38-6 1 checks the parity 
of incoming data and generates, an error signal if a 
parity error occurs. The parity check circuit 38-6' 
also provides the correct parity bit for data 
transmitted from the hearing aid 12, 14. 

A coder circuit 38-7 provides a serial output 
data stream to programming connector 12a and to coil 
22'. The coder 38-7 produces a short pulse for each 
zero bit to.be transmitted out to the programming 
connector 12a and a long pulse for each one bit. 

A modulator 3 8-8 receives the data signals 
from coder circuit 38-7 and uses those signals to 
modulate a 50kHz carrier. This modulated signal is used 
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to drive the tuned coil 22' providing wireless 
transmission. 

An antenna switch 38-9 switches coil 22' 
between receive and transmit modes In the receive mode 
it is coupled to the coil preamplifier 22a. In the 
transmit mode it is disconnected from that preamplifier 
and coupled to the modulator 3 8-8. 

An ID control circuit 38-10 compares the first 
byte of an incoming transmission (the ID byte) to a * 
stored ID byte identifier. If the ID bytes do not 
match, a signal is given to reset the serial interface 
and ignore the following transmission. 

A command latch 38-12 latches the second byte 
of an incoming transmission (the command byte) . The 
command byte consists of the following command bits: 
PWDN command to power -down the hearing aid to 

conserve power when not in active use . 
VUP command to increase the volume setting of the 

hearing aid. 

VDN command to decrease the volume setting of the 

hearing aid. 

RD command to read out, by subsequent bytes sent 

out via the serial port, the parameters 
representing the current settings of the 
hearing aid. 

WRT command to write to the hearing aid, by 

subsequent bytes sent in via the serial port, 
the parameters representing a new setting of 
the hearing aid. 

RCL command to recall parameters from the non- 

volatile portion of theparameter memory to the 
working portion, making these parameters the 
current setting of the hearing aid. 

STO command to store the parameters in the working 

portion of the parameter memory to the non- 
volatile portion. 
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PRG command to select stored control program A or 

control program B. 

A byte counter 38-14" identifies Che incoming 
byte sequence and generates addresses for memory 
accesses. An interface control circuit 38-16 controls 
the operation of other elements in response to the 
commands that have been received, 

A microphone/telephone circuit 38-18 controls 
microphone or telephone coil selection based on commands 
received from the remote control or inputs from an 
optional hearing aid mounted M/T switch. It also 
controls a power-down function when a power-down command 
is received or if neither microphone nor telephone are 
selected. 

A volume control module 38-20 provides volume 
control setting information based on commands received 
from the remote control or from an optional hearing aid 
mounted volume control. 

A program select circuit 38-22 permits the 
selection of either pre- stored control program A or 
program B. This selection is in response to commands 
received from "the connector, such as 12a or the coil 
22'. Alternately, an optional switch mounted on the 
housing of the hearing aid 12, 14 can be used to select 
one of the pre- stored programs. 

With respect to Fig. 9, the remote control 
unit 16 includes the following elements: 

A microcontroller 60 containing a 
microprocessor, program memory, data memory, timer, and 
input /output ports. 

A serial EE PROM unit 62 is connected to the 
microcontroller 60 for storage and retrieval of 
parameter sets (hearing aid programs and identification 
data) . A keyboard 60a for entry of commands to the 
microcontroller. An LED display 60b is driven by the 
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microcontroller to indicate data transmission and 
battery status . 

Drivers 64a, 64b are connected to output ports 
of the microcontroller 60 to drive transmitting coils in 
phase quadrature with high efficiency. 

Two tuned transmitting coils 66a, 66b in 
orthogonal orientation, are driven in phase quadrature 
by drivers 64a, 64b.. 

A programming port 68 is provided for bi- 
directional serial communication with the programming 
interface 18. The port 68 includes the connector 16a. 
It also includes voltage translators 68a to convert 
voltage levels between the programming port and the 
microcontroller . 

A battery 70a is provided to power the 
electronics . 

A low-voltage detector 70b senses when the 
battery is nearing end of life. 

The programming interface 18 provides for data 
transmission between a computer and a hearing aid or 
remote control unit. Fig. 10A is a block diagram of an 
interface 80 with programming plugs 18b f 18c, Fig. 10B 
is a block diagram of a wireless interface 82. 

In the interface 80, a connector 80a mates 
with .the parallel port of the personal computer 18a. 
That also allows a parallel data device such as a 
printer to be connected to the parallel port. Control 
logic 80b senses when the parallel port is to control 
the parallel data device and when it is to control the 
programming interface . The control logic also senses 
when data is being sent out by the computer 18a and when 
data is to be received and selects the proper signal 
path. 

The system for transmission or reception via 
programming cable of data to or from a hearing aid or 
remote control unit contains opto- isolators 84a, 84b and 
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voltage translators, 86a, 86b for converting between the 
voltage levels of the programming port and the control 
logic levels. 

One or more programming connectors 18b, 18c 
each having a bidirectional data line, a ground line, a 
supply voltage line connected to an isolated voltage 
supply or a battery. 

Alternately, when only a small amount of power 
is needed, the power supply can be derived by drawing 
power from the data lines of the parallel port. A 
circuit 88 for providing isolated supply voltage 
includes an oscillator 88a, a transformer 88b, a 
rectifier 88c, and a voltage regulator 88d. 

The system 82 for wireless transmission of 
commands and programs to the hearing aid, contains the 
following elements: 

A carrier oscillator 92 is gated by a signal 
from control logic 92a, and produces two modulated 
carriers in phase quadrature to high efficiency driver 
94a, 94b. 

The driver 94a, 94b drive tuned transmitting 
coils 96a, 96b in orthogonal orientation, 

A system for wireless reception of data from 
the hearing aid contains the following elements: 

A tuned receive coil 98a. The coil 98a may be 
connected by cable to allow it to be brought near to 
hearing aids while they are worn. 

An amplifier 98b and detector 98c coupled to 
the received signal provides a demodulated signal to the 
control logic 92a. 

From the foregoing, it will be observed that 
numerous variations and modifications may be effected 
without departing from the spirit and scope of the 
invention. It is to be understood that no limitation 
with respect to the specific apparatus illustrated 
herein is intended or should be inferred. It is, of 
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course, intended to cover by the appended claims all 
auch modifications as fall within the scope of the 
claims. 
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1. A hearing aid, having alterable parameters 

comprising : 

analog-to-digital input circuitry for forming 
a digital signal representative of an incident acoustic 
wave ; 

a digital signal processor, coupled to said 
input circuitry, wherein said processor forms and 
processes first and second, frequency distinguishable 
data streams representative, at least in part, of said 
digital signal, at a first rate; 

a control unit coupled to said processor 
wherein said unit includes circuitry for logarithmically 
processing at least one of said digital data streams, at 
a reduced rate, less than said first rate; 

parameter value storage memory coupled to said 

unit ,- and 

an interface for accessing said memory and 
altering parametric values stored therein. 

2 . An aid as in claim 1 wherein said control 
unit includes decimation circuitry. 

3 . An aid as in claim 1 wherein said 
processor includes first and second digital filters . 

4 . An aid as in claim 3 wherein said control 
unit interacts with and converts said data streams to 
logarithmic representations of said digital signal. 

5. An aid as in claim 3 wherein said 
processor includes combining circuitry for forming a 
single, output, digitized, data stream representative of 
said digital signal. 

6. . An aid as in claim 1 wherein said' 
interface includes a receiver of remotely generated 
wireless signals. 

7. An aid as in claim 6 wherein said 
interface includes further a transmitter of wireless 
signals . 
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8 . An aid as in claim 1 wherein said 
interface is accessible by transmitted radiant energy. 

9 . An aid as in claim 1 wherein said control 
unit includes an instruction storage memory. 

10. An aid as in claim 1 wherein said 
processor includes first and second, parallel, digital 
filters wherein each said filter has a plurality of 
parameters associated therewith and wherein at least 
some of said parameters are remotely alterable via said 
interface. 
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ABSTRACT 

A hearing aid, having alterable parameters 
includes analog-to-digital input circuitry for forming a 
digital signal representative of an incident acoustic 
wave. A digital signal processor, coupled to said input 
circuitry, forms and processes first and second, # 
frequency distinguishable data streams representative, 
at least in part, of the digital signal, at a first 
rate. A control unit coupled to said processor includes 
circuitry for logarithmically processing at least one of 
the digital data streams, at a reduced rate, less than 
the first rate. A parameter value storage memory is 
coupled to the unit, and an interface is provided for 
accessing the memory and altering parametric values 
stored therein. 
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